The paper presents a method of life cycle assessment (LCA) to determine the impact of the electricity produced on the environment. To determine the environmental burdens and benefits the LCA technique is used, methodologically based on ISO 14040 series. In addition, the usefulness of this method to assess the energy sector has been shown. To evaluate the process, SimaPro software and the method of Eco Indicator 99 were used, which allows to get the results of the burden and benefit with taking into account three categories of damages: ecosystem quality, human health, and raw materials. This paper presents the impact of electricity generation on the environment in coal power plants. The article also points to the directions of the Polish energy sector and pointed to the need to determine the environmental risks associated with the production of energy. A detailed analysis by the method of LCA is made to compare the environmental impact of electricity generation in the Łagisza Power Plant and Turów Power Plant. It is pointed to the difference in the results obtained. Moreover, the causes of the reported environmental impacts are discussed. Measures are identified which will help to reduce in the future the impact of the electricity produced on the environment during the production of electricity.
Introduction


From the point of view of generating energy management practices is necessary to estimate the amount of required energetic resources, materials, the amount of emitted dust, solid wastes (ashes), which is generated in the course of production as well as electricity, which is also necessary during energy production. It is also crucial to consider the distance and means of transport of energetic resources from the place of extraction to the power station (Dzikuć, 2013b) . In recent years, there has been a substantial increase of requirements concerning the very manner of energy production and its impact on the environment. There appeared a need for finding such a tool, which would take into consideration many aspects of the issue. The main objective of this paper is to present the life cycle assessment (LCA) method, which is an effective tool helping provide a complex evaluation of particular manners of energy production .
The last couple of years have brought some important changes in the electric power industry that can be observed in most EU countries. Energy strategy of the EU has become one of the most important factors influencing the development of the member states. Poland is a country with electric energy produced predominantly in hard and brown coal-fired power stations (Urban & Dzikuć, 2013) .
All coal-fired power stations affect the environment in a negative way. As a result of the rising levels of environmental pollution, ways of limiting the negative human impact on the environment are being sought. Novel solutions, aimed at reducing the negative impact on the environment, are being introduced as a reaction to the rising awareness of the society and increasingly more stringent requirements imposed by laws. One of the ways allowing an evaluation and comparison of the environmental impact of different means of energy generation is the LCA method. The LCA can be applied to products, processes (encompassing full life cycle) as well as to entire branches of industry (Dzikuć, 2013a) . In connection with the growing importance of energy efficiency in industry, the paper provides examples of the LCA applications to two electric power plants: the Łagisza Power Plant and Turów Power Plant.
The Polish economy is heavily dependent on coal, and is particularly sensitive to the EU's determination to protect the environment. The EU is a political region with serious approach about the commitments related to the elimination of environmental hazards, particularly for: climate change, biodiversity, and air quality (Björklund, 2012) . The use of LCA in this sector is a good solution, since this technique allows to identify specific environmental influences (among others: climate change, biodiversity, and air quality), to determine their size, which allows for the accurate assessment, comparison, process optimization, or elimination (Zarębska & Dzikuć, 2013) .
Research Method
Ecological LCA is a research method aimed at an analysis of environmental problems. Such an analysis is based on identifying and determining the amount of used up materials and energy, as well as on determining the pollution levels, and on a subsequent evaluation of the impact these elements might have on the environment (Dylewski & Adamczyk, 2012) . This method can be used to identify potential problems and help to determine ways of improving environmental quality.
One of the main goals of the LCA method is to analyse the potential impact of production processes on the environment and to determine ways to improve the quality (Łasiński, 2012) of the environment. The possibility of the "cradle-to-grave" product analysis is an important feature of the LCA method. It is also possible to determine the environmental impact of a product not only during the production or resources acquisition phases but also during the product usage and utilisation phases (Dylewski & Adamczyk, 2011) . The LCA method allows an effective management of limited resources, since it is based on real input and output data of a given process (Zhang & Colosi, 2013) .
LCA is an established method for assessing the potential environmental impact associated with a product or service system (Wach, 2002) . A LCA consists of four main phases:
(1) Goal and scope definition describes the objective of the study (goal), and the methodological approach used (scope);
(2) Inventory analysis examines the processes in the product system and quantifies for each process all the input and output data (i.e., inventory data). Economic inventory data include the amount of resources, materials, DETERMINING THE ENVIRONMENTAL AND ECONOMIC BENEFITS 848 and energy needed to manufacture a product. Environmental inventory data include all extracted natural resources which are used in the process (inputs), and emissions and waste released to the environment (outputs); (3) Impact assessment converts the inventory data into their contribution to environmental impact in one or more impact categories, e.g., global warming potential, resource depletion, eutrophication, toxicity; (4) Interpretation evaluates the results and their robustness from the previous phases and draws conclusions and/or recommendations. This phase also examines the confidence and reliability of the LCA results through sensitivity, scenario, and/or uncertainty analyses (Harst & Potting, 2103) .
The International Standard Organization (ISO) defines the LCA as a method allowing an analysis of environmental aspects and of a potential production impact. To the implementation of the LCA a computer program SimaPro and the procedure Eco Indicator 99 were used.
This procedure allows the unequivocal assignment of the 11 categories to three categories of impact damage, such as human health (Human Health), the quality of the ecosystem (Ecosystem Quality), and natural resources (Resources). Additionally, it enables to present the final results of LCA in the dimensionless unit referred to as the so-called eco-point (Pt) (Eco-indicator 99). Value 1 Pt reflects the ratio of the total annual burden on the environment in Europe (emissions, the volume of consumption of raw materials) to the number of its inhabitants, and multiplying by 1,000 (scale factor). In this way the Eco Indicator 99 of 1,000 Pt corresponds to an annual total environmental load per capita in Europe (Zarębska & Dzikuć, 2013) .
The analysis following the above steps renders is possible to picture the impact and divide it into 11 main categories: carcinogenic compounds, organic compounds, inorganic compounds, climate change, radiation, ozone hole, ecotoxicity, acidification/euthropication, land use, fossil fuels and three damage categories: human health, ecosystem quality, resources consumption including the type (Dzikuć, 2013b) , normalisation and a final score (weighting) that measures the environmental impact of a product in Pt (eco indicator point) units, where 1 ecopoint (Pt) expresses a value representing one thousandth of a yearly environmental impact of one inhabitant of Europe (Dąbrowski & Dzikuć, 2012) . The use of methods such as the LCA can save the amount of energy resources consumed. Lower resource consumption helps to ensure energy security. LCA method is especially useful for analysis to determine the impact on the environment during the production of energy. In Poland, more than 90% of electricity is produced by burning coal and lignite. Consumption of non-renewable energy resources has a negative impact on the environment. When it comes to the energy of emission of toxic gases into the atmosphere. Through an analysis of LCA is possible to evaluate and compare the various energy technologies and exhaust after-treatment. LCA method takes into account the amount of energy consumed, which also is of great importance when comparing the impacts on the environment, which takes place during the production of electricity (Dzikuć, 2013c) .
Interpretation is a phase of LCA, whose task is to analyze conclusions, check completeness, analyze sensitivity, other analyses, recommendations and report. Moreover, this phase allows to define elements of great risk, analysis of sensitivity of above mentioned elements, to define the manner of minimization of threats as well as assess priorities of possible corrections and their feasibility (Radhi & Sharples, 2013) . The impact assessment allows for defining trustworthiness of results at a high level and formulated conclusions and elaborated recommendations become a complete and objective report from the research. The assessment conducted according to the mentioned procedure allows to present the results of impact in relation to nine impact categories included in Table 1 . The presentation of the result of environmental interference of electricity, DETERMINING THE ENVIRONMENTAL AND ECONOMIC BENEFITS 849 as well as other products subject to the assessment, takes place in the form of Pt units (point of eco indicator), where 1 point of eco indicator (Pt) is a value, which represents one thousandth of annual environment load of one citizen in Europe 
Results and Analyses
The Łagisza Power Plant is located in Będzin in Zagłębie Dabrowskie. Primary activity of the Łagisza Power Plant is the production transmission and sale of electricity. The Power Plant Łagisza is a professional power plant with 840 MW of electric power. The Łagisza Power Plant is located in the neighborhood of coal mines in the industrialized region. Near the the Łagisza Power Plant there is also a large number of potential consumers of electricity. The Power Plant Łagisza operates on the coal.
The Turów Power Plant is a thermal power plant, a condensation block of intercooled reheat of steam and closed cooling water system. The share of power installed in the Turów Power Plant in the Polish energy system is about 7%. The main fuel in the Turów Power Plant is brown coal.
The Łagisza Power Plant produced in 2012, 3, 958, 191 MWh, while the Turów Power Plant produced in 2012, 11,898,898 MWh. In 2012, the Łagisza Power Plant issued 3,546,545 Mg of CO 2 . However, the Turów Power Plant issued 10,802,510 Mg of CO 2 in the same year.
The objective is to determine and compare the environmental impact of thermal energy based on coal using the LCA, a computer program SimaPro. 1 MWh is used as a functional reference unit of the system which describes the impact of the product on the environment (e.g.:1 ton of coal).
The data that were used to study come from 2012 and include the elements included in the system used in the production of electricity, such as coal, water, electricity and outgoing parts of the production system, the amount of produced electricity and heat, and any resulting contamination during production.
The results of the LCA applied to the three damage categories (see Table 2 and Figure 1) show that the category "resources" has the highest environmental impact, with energy production from coal. However, studies show that larger impact on the environment was characterized by the production of electricity in the Łagisza Power Plant (hard coal-fired). This can be explained by the fact that the hard coal reserves are scarce. The next important factor affecting the environment in relation to the three damage categories is the "human health" category. The largest impact on "human health" has harmful emission into the atmosphere (see Table 3 ). Here the impact of energy production from hard coal and brown coal is several times smaller. Contrast these results in the category of "human health". The difference in this category is much smaller than in the case of the category "resources". The least impact of the final result the research was aimed at category "ecosystem quality". However, in this category were the biggest differences in the results. The Łagisza Power Plant was three times greater impact on the environment than the Turów Power Plant in this categories impact. All three categories of impact indicate a higher impact on the environment in the event of the Łagisza Power Plant. This is a clear impact. A less negative impact in the case of the Turów Power Plant results from the application of brown coal in it. Production of electricity using the brown coal allows significant savings of energy resources. It also renders it possible to achieve lower indicators of emissions per unit of energy produced.
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Factor hindering the development of electricity generation by means other than through the burning of coal is the high cost of generating electricity using other raw materials or energy production based on renewable energy sources.
Conclusions
Electricity generation using more ecological methods currently has economic significance. Poland is a country that pays fees for CO 2 emissions. In Poland, over 90% of electricity is produced by using coal. Use own energy resources is economically justified. However, it is necessary to find solutions that will limit harmful emissions into the atmosphere.
It should be noted that there is a significant difference between the environmental impacts of energy production in the Łagisza Power Plant and the Turów Power Plant. Poland as a country having large coal reserves will use this source of energy for decades. It is therefore important to develop energy technologies based on coal. As studies show it is possible to minimize the negative environmental impacts of energy production.
Generations of electricity in coal-fired power plants have a negative impact on the environment. Looking for solutions that will help reduce the environmental impact related to energy production is of great significance for people and ecosystem quality. The difference in the analyzed results shows that it is possible to effectively reduce the negative impact on the environment. The Turów Power Plant by generating electricity is able to provide less environmental impact per unit of electricity generated. Calculated environmental burdens indicate that technologies using brown coal in this case have a smaller impact on the environment.
